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ABSTRACT
Phase Il of the Laser Beanrider Counterneasures programis conplete.
Phase Il consisted of static tests where antiaircraft mssiles were exposed
to detonating 40mm and 70mm war heads. Al of the tested mssiles received

significant danage. Also sonme dynamic tests occurred where the effects of

t hese detonating warheads on the flights of missiles were observed. For
those tests where the detonations were properly tined the mssiles failed to
reach the target.

1.0 | NTRODUCTI ON

AFRL/ SNJ is pursuing the concept of an aircraft self-protection system
that uses a destructive expendable to destroy any and all anti-aircraft
mssiles. This concept was first presented to this conference in 1996 by Lt.
Col. Stuart Kraner, PhD. He reported on the results of a system study
conducted by the Systens Engineering class at the Air Force Institute of
Technol ogy. The concept is straightforward. ldeally, existing nmissile
war ni ng hardware, existing mssile tracking hardware and exi sting di spenser
hardware woul d be used. The only new itemwoul d be the destructive
expendabl e, which woul d be conpatible with existing dispensers. The
destructive expendabl e woul d be robust in that it will destroy any and al

anti-aircraft mssiles that nmight attack any and all aircraft. In 1996 the
Laser Beanrider programwas started to explore the viability of this idea
concept in defeating |aser beanriders. |In 1998, at this IR S/ I RCM conference

held at Eglin AFB, the results of the sinulation/study/analysis phase of the
beanri der program were presented. This paper presents the results of the
test phase of this program

2.0 LBR PROGRAM SUMVARY

Lockheed Martin Naval Electronics & Surveillance Systens - Akron under
contract to the United States Air Force Research Laboratory conducted the
Laser Beanrider program In the first phase of this tw phase programfive
mai n tasks were perforned: (1) threat data review, (2) susceptibility
anal ysis, (3) counterneasure concept devel opnment, (4) trade-off studies, (5)
prelimnary system design. The destructive expendabl e, counterneasure
system anal yzed consists of the followi ng subsystens: missile warning,
tracker, fire control conputer, trainable |auncher, and expendable mini-
rockets with blast/fragnentati on warheads. These studies resulted in the
prelimnary design of a 39nm rocket propelled, controlled fragnmentation
war head expendabl e which is about the size of an MJULO flare. Based on
several sinplifying assunptions, it was estimated that the probability of
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success of the 39mm destructi ve expendabl e destroying a | aser beanrider
mssile is approxi mately 0. 95. This missile has the average di mensions of
four inches in diameter by three feet long. At the point of destruction, the
separati on di stance between the expendabl e and the | aser beanrider mssile is
one neter or |less. The work perforned during the first phase of the program
was docunented in an interimreport (reference [1]).

These studies were followed in the second phase of the programwith a
limted nunber of tests of a warhead that sinulated the proposed
count er neasure war head of the proposed destructive expendable. Static and
dynam c tests using snmall blast/fragnentati on war heads were conducted to
exam ne their effectiveness against representative threats. The arena tests
were structured to hel p assess the effectiveness of conpact,
bl ast/fragnent ati on war heads agai nst different parts of a mssile, warheads,
and inert guidance & control sections. The live-fire mssile tests were
devised to assess the effects of the statically nounted warheads on threat
m ssiles flying by.

3.0 SUMVARY OF DESTRUCTI VE EXPENDABLE WARHEAD TESTS

Static arena tests and live-fire nissile engagenent tests, where the
war head was static, were performed to assess the effectiveness of small
bl ast/fragnent warheads agai nst anti-aircraft mssiles. The tests were
perfornmed using two warheads, the 40nm Bofors Mark Il and the 70mm ML51HE
that woul d be cl ose approxi nations to a possible destructive expendabl e
warhead. In the static arena tests, entire AIM4 nissiles, guidance &
control sections of Redeye mssiles, guidance & control sections of a foreign
m ssil e, Redeye warheads, and warheads froma foreign mssile were used as
targets.

In the live-fire mssile engagenment tests, the stationary destructive
expendabl e warheads were tested agai nst AT-4 rockets and TOVNmi ssiles. Wile
these last two missiles are not anti-aircraft missiles, the behavior of these
nmssiles, as affected by the expl oding destructive expendabl e war head, should
approxi nate the behavi or of anti-aircraft mssiles.

The results of all the tests are consistent and show that both of the
sel ect ed war heads can cause significant structural and/or component damage to
the threats.

4.0 STATI C WARHEAD TESTS

The static warhead arena tests were performed using two warheads that
were avail able and obtained fromthe U S. Arny inventory: the 40 mm Bofors
Mark 1l and the 70 mm ML51HE war heads. Both war heads have naturally
fragnmenting cases, and the 40mm war head al so contains 650 tungsten spheres.
These war heads were initiated using C4 explosive pressed into the fuse wel
and RP-80 or RP-83 detonators. The 40mm war head cl osely approxi mates the size
of the 39nmm destructive expendabl e proposed in the study phase of this
program

Two sets of static warhead arena tests were perforned at NAWC, China
Lake. The first set consisted of tests of the destructive expendabl e
war heads agai nst war heads taken fromanti-aircraft mssiles. The selected
t hreat warheads were from Redeye missiles and a foreign nissile. In these
tests, the mssile warheads were placed at sel ected distances surrounding the
det onati ng destructi ve expendabl e warhead. The effects of the destructive



expendabl e warheads on the mi ssile warheads could then be exam ned as a
function of separation distance.

The second set of static warhead arena tests consisted of one test of
each destructive expendabl e warhead. Twelve inert mssiles were placed
around t he expl odi ng destructive expendabl e war head at di stances from one
third to two nmeters. The selected inert nmissiles were six AIM4’'s, three
Redeye's, and three foreign mssiles in each of the two tests. All explosive
devi ces had been renmoved fromthese nmissiles to avoid any synpathetic
detonation, thus allowing the inclusion of nmultiple mssiles in a single
test. The effects of the two destructive expendabl e war heads on the gui dance
and control sections of the threat mssiles could then be assessed as a
function of separation distance. The test itenms were placed so that the
ef fects of ground blast reflections would be mninal.

In the remmining paragraphs, the follow ng definitions are used:

Cat astrophi c structural damage: breakup of mssile.

Significant structural danage: danage that is non-trivial but doesn’t
break up the nmissile.

Cat astrophi ¢ conponent danmge: fragments penetrate outer skin and
destroy internal conponents.

Si gni fi cant conponent damage: fragments penetrate outer skin and
i npacted internal conponents.

The static arena test of the 40mm warhead showed that it could inflict
cat astrophi ¢ conponent danage to the gui dance and control sections of the
threat missile at distances up to at |east one meter. Significant conponent
damage can be inflicted at distances up to approximately two neters. Since
significant structural damage was not inflicted, detail ed exam nation of
conponent danage and its effects on mssile performance would be required to
assess/estimate the effectiveness of the 40mm warhead in defeating the threat
m ssil es.

The static arena tests of the 40nmm war head agai nst the two mssile
war heads showed that it was not effective in destroying or initiating the
t hreat warheads at |east at distances greater than one third neter. However,
in an actual nissile engagenment the fragment inpact velocity could be higher
whi ch might increase the |ikelihood of synpathetic detonation

The structural damage inflicted by the sel ected 40nm war head was not
significant at one neter, but it caused catastrophic conponent danage that
can result in the threat mssile not being able to conplete its mssion. At
separati on di stances of about one half nmeter or |ess the 40mm war head
inflicts catastrophi c damage

The static arena test of the 70mm warhead showed that it could inflict
cat astrophic structural damage to the gui dance and control sections of the
threat missiles at distances up to at |east one neter. It can safely be
stated that any typical mssile within one neter of the 70nm war head woul d be
nost |ikely destroyed. Significant structural and conponent damage can be
inflicted at distances up to at |east two neters.

At separation distances of a neter of |less, the 70nm warhead inflicts
cat astrophi ¢ structural damage. The 70nm war head was abl e to achi eve direct
initiation or burning of target warheads.



5.0 LIVE FIRE TESTS

The live-fire mssile tests were performed at Redstone Arsenal to
assess the effects of blast and fragnentation fromthe two destructive
expendabl e warheads on two flying surrogate threat mssiles: the Basic TOWV
and the AT-4 rocket. One test of each destructive expendabl e war head agai nst
each mssile threat was perforned. The destructive expendabl e warhead was
stationary and was detonated when the flying mssile passed by it on its way
to a target 100 m away.

The live-fire mssile tests are summari zed in Table 1.

CM War head Thr eat Thr eat Separ ati on Resul t
Speed Di st ance
[ sec] [
Late detonation; No
40mm Mark || AT- 4 259 0.7 effect; AT-4 inpacted its
t ar get

AT-4 expl oded in

70mm ML51HE AT-4 269 0.9 m d-flight
TOW danaged;
40mm Mark || TOW 222 0.7 I mpacted 10 mleft of

target center
TOW expl oded in
70mm ML51HE TOW 224 1.2 m d-flight

Tabl e 1. LBRM CM Li ve-Fire Tests

The 40mm warhead did not alter the flight path of the unguided AT-4

rocket that successfully continued its flight towards its target. However ,
close review of photographic instrumentation shows that the warhead
detonation occurred after the mssile had passed. On the test against the

TOW nissile, the 40mm warhead apparently inflicted sufficient danmage to the
TOWmissile that caused it to alter its flight path drastically and inpact 10
m away from its intended target. Analysis of the test geonetry and the
aerodynami c capabilities of the TOW shows that the TOW could not have
performed that nmaneuver if it was operating normally.

The 70mm war head was successful against both the AT-4 rocket and the
TOWNi ssile; it caused the warheads of both threats to explode in flight.

6.0 CONCLUSI ONS

The nunber of tests performed during the second phase of this program
was definitely not [arge enough to establish a statistical basis that would
be sufficient for quantifiable conclusions. However, the results of both the
static warhead arena tests and the live-fire mssile tests appear to be
consi stent:

1. The 40mm war head caused significant danmage to the gui dance and
control sections of threat m ssiles at distances of one neter or



less. In the live-fire test against the TONm ssile such danage
resulted in the TOWm ssing its target.

2. The 70mm war head was destructive to both the warhead and gui dance
and control sections of the tested threats at di stances of one
neter or less in both the static and live fire tests.

The test results showclearly that a direct hit is not required to
defeat an anti-aircraft mssile of small to mediumsize. |[|f conplete
destruction of the threat missile is desired, it can be achieved by
detonating a warhead sinmlar to the tested 70mm ML51HE war head w t hin one
nmeter of the threat mssile. A warhead sinmlar to the tested 40mm Mark |1
war head woul d be sufficient to produce significant conponent danage to the
gui dance and control sections, if detonated within one neter of the threat
m ssil e.

REFERENCES
[1] (U) New Laser Beanrider M ssile Counterneasure Concepts Interim
Report (U)
St avr os Androul akaki s
18 Jan 1998
AFRL- SN- WP- TR- 1998- 1019
This report i s SECRET/ NOFORN

[2] (U New Laser Beanrider M ssile Counterneasure Concepts Final
Report (U)

W liam Lappert, Gordon Schmi dt, Stavros Androul akakis

AFRL- SN- WP- TR- 1999- 1117

This report i s SECRET/ NOFORN



